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(54) Device and method for controlling displacement of variable displacement compressor 



(57) A variable displacement compressor com- 
presses gas supplied from an evaporator (74) of an 
external refrigerant circuit (71) and discharges the com- 
pressed gas to the refrigerant circuit (71 ). A check valve 
(92; 98) is located between the compressor suction 
chamber (37) and the evaporator (74). The check valve 
(92; 98) prevents gas flow from the suction chamber 
(37) to the evaporator (74). When the compressor is 
stopped, a displacement control valve (46) increases 
the pressure in a crank chamber (15) of the compressor 
to move a swash plate (31) to a minimum inclination 
position. The pressure in the suction chamber (37) is 
increased by gas supplied from the crank chamber (1 5). 
Closing the check valve (92; 98) accelerates a pressure 
increase in the suction chamber (37). When the pres- 
sure in the suction chamber (37) is increased, the con- 
trol valve (46) limits a further pressure increase in the 
crank chamber (15). As a result, the force that 
decreases the inclination of the swash plate (31) is lim- 
ited. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a variable displacement compressor used in vehicle air conditioners. Spe- 
cifically, the present invention pertains to a device and a method for controlling the displacement of a variable displace- 
ment compressor. 

[0002] Fig. 12 shows a prior art variable displacement compressor. The compressor includes a housing 101. A 
crank chamber 102 is defined in the housing 101. A drive shaft 103 is supported in the housing 101. A lip seal 104 is 
10 located between the housing 101 and the drive shaft 103 to prevent gas leakage along the surface of the drive shaft 
103. 

[0003] The drive shaft 103 is connected to a vehicle engine Eg, which serves as an external power source, through 
an electromagnetic friction clutch 105. The friction clutch 105 includes a pulley 106, an armature 107 and an electro- 
magnetic coil 108. The pulley 106 is coupled to the engine Eg, and the armature 107 is coupled to the drive shaft 103. 

75 When the clutch 105 engages, that is, when the coil 108 is excited, the armature 107 is attracted to and is pressed 
against the pulley 106. As a result, the clutch 105 transmits the driving force of the engine Eg to the drive shaft 103. 
[0004] When the clutch 105 disengages, that is, when the coil 108 is de-excited, the armature 107 is separated 
from the pulley 106. In this state, the driving force of the engine Eg is not transmitted to the drive shaft 103. 
[0005] A rotor 109 is secured to the drive shaft 103 in the crank chamber 102. A thrust bearing 122 is located 

20 between the rotor 109 and the inner wall of the housing 101. A swash plate 1 10 is coupled to the rotor 109 by a hinge 
mechanism 1 1 1 . The hinge mechanism 1 1 1 permits the swash plate 1 1 0 to rotate integrally with the drive shaft 1 03 and 
to incline with respect to the axis L of the drive shaft 103. A limit ring 112 is fitted about the drive shaft 103. When the 
swash plate 1 10 abuts against the limit ring 112 as illustrated by broken lines in Fig. 12, the swash plate 1 10 is at the 
minimum inclination position. 

25 [0006] Cylinder bores 113, suction chamber 114 and a discharge chamber 1 15 are defined in the housing 101 . A 
piston 1 16 is reciprocally housed in each cylinder bore 1 13. The pistons 1 16 are coupled to the swash plate 1 10. The 
housing 101 includes a valve plate 1 17. The valve plate 1 17 separates the cylinder bores 1 13 from the suction chamber 
1 14 and the discharge chamber 115. 

[0007] Rotation of the drive shaft 1 03 is converted into reciprocation of each piston 1 1 6 by the rotor 1 09, the hinge 
30 mechanism 111 and the swash plate 110. Reciprocation of each piston 1 16 draws refrigerant gas from the suction 
chamber 1 14 to the corresponding cylinder bore 1 13 via a suction port 1 17a and a suction valve flap 1 17b, which are 
formed in the valve plate 1 17. Refrigerant gas in each cylinder bore 1 13 is compressed to reach a predetermined pres- 
sure and is discharged to the discharge chamber 1 1 5 via a discharge port 1 1 7c and a discharge valve flap 1 1 7d, which 
are formed in the valve plate 117. 
35 [0008] A spring 1 1 8 urges the drive shaft 1 03 forward (to the left as viewed in Fig. 1 2) along the axis L through a 
thrust bearing 123. The spring 118 prevents axial chattering of the drive shaft 103. 

[0009] The crank chamber 1 02 is connected to the suction chamber 1 1 4 by a bleeding passage 1 1 9. The discharge 
chamber 1 1 5 is connected to the crank chamber 1 02 by a supply passage 1 20. The opening of the supply passage 1 20 
is regulated by an electromagnetic displacement control valve 121 . 

40 [001 0] The control valve 1 2 1 adjusts the opening of the supply passage 1 20 to regulate the amount of pressurized 
refrigerant gas drawn into the crank chamber 1 02 from the discharge chamber 1 15. The pressure in the crank chamber 
102 is changed, accordingly. Changes in the crank chamber pressure alter the gas pressure moment acting on the pis- 
tons 1 16 through the swash plate 110, which changes the inclination of the swash plate 1 10. Accordingly, the stroke of 
each piston 1 16 is changed and the compressor displacement is varied. The gas pressure moment depends on the 

45 crank chamber pressure and the pressure in the cylinder bore 1 1 3, which act on the pistons 1 16. 

[0011] When the clutch 105 disengages or when the engine Eg is stopped, the control valve 121 fully opens the 
supply passage 120, which increases the pressure in the crank chamber 102. Accordingly, the gas pressure moment 
decreases the inclination of the swash plate 1 10. The compressor stops operating with the swash plate 1 10 at the min- 
imum inclination position. When the compressor is started again, the displacement of the compressor is minimum, 

so which requires minimum torque. The shock caused by starting the compressor is thus reduced. 

[0012] When there is a relatively great cooling demand on a refrigeration circuit that includes the compressor, for 
example, when the temperature in a passenger compartment of a vehicle is much higher than a target temperature set 
in advance, the control valve 121 closes the supply passage 120 and maximizes the compressor displacement. 
[0013] When the clutch 105 disengages or when the engine Eg is stopped, the compressor is stopped. If the com- 

55 pressor is stopped when operating at the maximum displacement, the control valve 121 quickly and fully opens the sup- 
ply passage 120, which was fully closed. Accordingly, highly pressurized refrigerant gas in the discharge chamber 115 
is quickly supplied to the crank chamber 102. Refrigerant gas in the crank chamber 102 constantly flows to the suction 
chamber 1 14 through the bleeding passage 119. However, since the amount of refrigerant gas that flows to the suction 
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chamber 114 through the bleeding passage 1 19 is limited, the pressure in the crank chamber 102 is quickly and exces- 
sively increased by as the supply passage 120 is quickly and fully opened. Also, when the compressor is stopped, the 
pressure in each cylinder bore 113 approaches the pressure in the suction chamber 114, which is relatively low. As a 
result, the gas pressure moment decreasing the swash plate inclination becomes excessive. 

5 [0014] Accordingly, the swash plate 1 10 is moved from the maximum inclination position to the minimum inclination 
position and strongly presses the drive shaft 103 rearward (to the right as viewed in Fig. 12) through the limit ring 1 12. 
The swash plate 1 10 also strongly pulls the drive shaft 103 rearward through the hinge mechanism 1 1 1 and the rotor 
109. The drive shaft 103 is thus moved rearward along its axis L against the force of the spring 118. 
[001 5] When the drive shaft 1 03 moves rearward, the axial position of the drive shaft 1 03 relative to the lip seal 1 04, 

to which is retained in the housing 101, changes. Normally, a predetermined annular area of the drive shaft 103 contacts 
the lip seal 104. Foreign particles and sludge adhere to areas of the drive shaft 103 that are axially adjacent to the pre- 
determined annular area. Therefore, if the axial position of the drive shaft 103 relative to the lip seal 104 changes, 
sludge enters between the lip seal 104 and the drive shaft 103. This lowers the effectiveness of the lip seal 104 and 
results in gas leakage from the crank chamber 102. 

75 [001 6] Particularly, when the drive shaft 1 03 moves rearward due to disengagement of the clutch 1 05, the armature 
107, which is fixed to the drive shaft 103, moves toward the pulley 106. The clearance between the pulley 106 and the 
armature 107 is as small as 0.5mm when the clutch 105 disengages. Rearward movement of the drive shaft 103 elim- 
inates the clearance between the pulley 106 and the armature 107, which may cause the armature 107 to contact the 
rotating pulley 1 06. This produces noise and vibration. Also, even if the clutch 105 disengages, the driving force of the 

20 engine Eg may be transmitted to the drive shaft 103. 

[001 71 When the drive shaft 1 03 moves rearward, the average position of the pistons 1 1 6, which are coupled to the 
drive shaft 103 by the swash plate 1 10, is moved rearward. This causes the top dead center of each piston 116 to 
approach the valve plate 1 1 7. As a result, the pistons 1 16 may collide with the valve plate 1 1 7 when at their top dead 
center positions. 

25 [001 8] To prevent the drive shaft 1 03 from moving rearward, the force of the spring 1 1 8 may be increased. However, 
a greater spring force increases the load acting on the thrust bearings 122. 123 and increases the power loss of the 
compressor. 



SUMMARY OF THE INVENTION 

30 

[001 9] Accordingly, it is an objective of the present invention to provide displacement control device and method for 
variable displacement compressors that prevent a moment decreasing the inclination of the swash plate from being 
excessively increased. 

[0020] To achieve the foregoing and other objectives and in accordance with the purpose of the present invention, 

35 a compressor for compressing gas supplied from an evaporator of an external refrigerant circuit and for discharging the 
compressed gas to the external refrigerant circuit is provided. The compressor includes a housing, a cylinder bore 
defined in the housing, a crank chamber defined in the housing and a suction chamber defined in the housing. The suc- 
tion chamber is connected to the outlet of the evaporator. Gas is constantly released from the crank chamber to the suc- 
tion chamber. The compressor further includes a piston, a drive shaft supported by the housing, a drive plate, a control 

40 valve and a check valve. The piston is accommodated in the cylinder bore and compresses gas drawn into the cylinder 
bore from the suction chamber and discharges the compressed gas from the cylinder bore. The drive plate is coupled 
to the piston to convert rotation of the drive shaft into reciprocation of the piston. The drive plate is supported by the 
drive shaft to incline relative to the drive shaft and is moved between a maximum inclination position and a minimum 
inclination position in response to a tilt moment acting on the drive plate. The tilt moment has components including a 

45 moment based on the pressure in the crank chamber and a moment based on the pressure in the cylinder bore. The 
inclination of the drive plate defines the stroke of the piston and the displacement of the compressor. The control valve 
controls the pressure in the crank chamber to change the inclination of the drive plate and is actuated based on an 
external command. The check valve is located between the suction chamber and the evaporator and is closed based 
on the pressure difference between the suction chamber and the outlet of the evaporator to prevent gas from flowing 

so from the suction chamber to the evaporator. 

[0021 ] The present invention may also be embodied in a displacement control valve for adjusting the pressure in a 
crank chamber of a compressor to change the displacement of the compressor. The compressor includes a suction 
pressure zone, the pressure of which is a suction pressure, a discharge pressure zone, the pressure of which is a dis- 
charge pressure, and a supply passage connecting the crank chamber to the discharge pressure zone. The control 

55 valve includes a valve body, a pressure sensing member and an electromagnetic actuator. The valve body adjusts the 
size of an opening in the supply passage. The pressure sensing member moves the valve body in response to the suc- 
tion pressure to maintain the suction pressure at a predetermined target value. The electromagnetic actuator applies a 
force to the valve body. The force corresponds to the level of a current supplied to the actuator. The level of the current 
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determines a target value of the suction pressure. The actuator increases the target value as the level ot the current 
decreases and sets the target value to a maximum value when no current is supplied to the actuator. 
[0022] The present invention may further be embodied in a method tor controlling the displacement ol a variable 
displacement compressor. The compressor includes a drive plate that is moved between a maximum .ncl.nat.on posi- 
s tion and a minimum inclination position in accordance with the pressure in a crank chamber. The .ncl.nat.on of the dnye 
plate defining the displacement of the compressor. The method includes: controlling the pressure .n the crank chamber 
to change the indination of the drive plate when the compressor is operating; increasing the pressure m the crank 
chamber to move the drive plate to the minimum inclination position when the compressor is stopped; and restr.ct.ng 
an increase of the pressure in the crank chamber when a predetermined time has elapsed after the compressor .s 

[OoSr Other aspects and advantages of the invention will become apparent from the following description, taken in 
conjunction with the accompanying drawings, illustrating by way of example the principles of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The invention, together with objects and advantages thereof, may best be understood by reference to the fol- 
lowing description of the presently preferred embodiments together with the accompanying drawings .n wh.ch: 

Fig. 1 is a cross-sectional view illustrating a variable displacement compressor according to a first embodiment of 
20 the present invention; 

Fig 2 is a cross-sectional view taken along line 2-2 of Fig. 1; 

Fig. 3 is an enlarged partial cross-sectional view showing the check valve of F.g. 2 when it closes the suction pas- 

sage; , — 

Fig. 4 is an enlarged cross-sectional view illustrating the displacement control valve used in the compressor ol Fig. 

25 1; 

Fig 5 is a diagrammatic view showing the arrangement of the pistons in the compressor of Fig. 1 ; 

Fig 6 is an enlarged partial cross-sectional view illustrating the clutch of Fig. 1 when it disengages; 

Fig 7(a) shows a graph representing displacement of the drive shaft of the compressor shown in Fig. 1 and a graph 

representing the changes of the crank chamber pressure, the suction pressure and the cylinder bore pressure after 

30 the compressor of Fig. 1 is stopped; . . 

Fig 7(b) shows a graph representing displacement of the drive shaft of a compressor of a comparison example and 
a graph representing the changes of the crank chamber pressure, the suction pressure and the cylinder bore pres- 
sure after the comparison example compressor is stopped; 

Fig. 8 is an enlarged partial cross-sectional view illustrating a check valve according to a second embodiment of 
35 the present invention; 

Fig. 9 is a cross-sectional view illustrating a displacement control valve according to a third embodiment of the 

present invention; 

Fig. 10(a) is a graph showing the value of current supplied to the control valve of Fig. 9 and a target suction pres- 
sure* 

Rg. 10(b) is a graph showing the value of current supplied to a control valve of a comparison example and a target 



40 



suction pressure; . 

Rg. 1 1 is a diagrammatic view showing forces applied to the parts of the control valve shown in Fig. 9; and 

Rg. 12 is a cross-sectional view illustrating a prior art variable displacement compressor. 

45 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0025] A variable displacement compressor according to a first embodiment of the present invention will now be 
described with reference to Figs. 1 to 7(b). The compressor is used in a vehicle air conditioner. 
[0026] As shown in Fig. 1 . a front housing 1 1 is secured to the front end face of a center housing, which is a cylinder 
so block 1 2 in this embodiment. A rear housing 1 3 is secured to the rear end face of the cylinder block 1 2. and a valve plate 
assembly 14 is located between the rear housing 13 and the rear end face. The front housing 1 1 . the cylinder block 12, 
the rear housing 13 form the compressor housing. The left in Fig. 1 is defined as the front side of the compressor and 
the right in Fig. 1 is defined as the rear side of the compressor. 

[0027] The valve plate assembly 14 includes a main plate 14a. a first sub-plate 14b. a second sub-plate 14c. and a 
55 retainer plate 14d. The main plate 14a is located between the first sub-plate 14b and the second sub-plate 14c. The 
retainer plate 14d is located between the second sub-plate 14c and the rear housing member 13. 
[0028] A control pressure chamber, which is a crank chamber 15 in this embodiment, is defined between the front 
housing 1 1 and the cylinder block 1 2. A drive shaft 1 6 extends through the crank chamber 1 5 and is rotatably supported 
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by the front housing 1 1 and the cylinder block 12. 

[0029] The drive shaft 1 6 is supported by the front housing 1 1 via a radial bearing 1 7. A central bore 1 2a is formed 
substantially in the center of the cylinder block 12. The rear end of the drive shaft 16 is located in the central bore 12a 
and is supported by the cylinder block 12 via a radial bearing 18. A spring seat 21 is fitted to the wall of the central bore 
5 12a. A thrust bearing 19 and a support spring 20 are located in the central bore 12a between the rear end of the drive 
shaft 16 and the spring seat 21. The support spring 20 urges the drive shaft 16 forward along the axis L of the drive 
shaft 16 through the thrust bearing 19. The thrust bearing 19 prevents rotation of the drive shaft 16 from being trans- 
mitted to the support spring 20. 

[0030] The front end of the drive shaft 1 6 projects from the front end of the front housing 1 1 . A shaft sealing assem- 
w bly, which is a lip seal 22 in this embodiment, is located between the drive shaft 16 and the front housing 1 1 to prevent 
leakage of refrigerant gas along the surface of the drive shaft 16. The lip seal 22 includes a lip ring 22a, which is 
pressed against the surface of the drive shaft 16. 

[0031 ] An electromagnetic friction clutch 23 is located between an external power source, which is a vehicle engine 
Eg in this embodiment, and the drive shaft 16. The clutch 23 selectively transmits power from the engine Eg to the drive 

75 shaft 16. The clutch 23 includes a pulley 24, a hub 27, an armature 28 and an electromagnetic coil 29. The pulley 24 is 
supported by the front end of the front housing 11 with an angular bearing 25. A belt 26 is engaged with the pulley 24 
to transmit power from the engine Eg to the pulley 24. The hub 27, which has elasticity, is fixed to the front end of the 
drive shaft 16 and supports the armature 28. The armature 28 faces the pulley 24. The electromagnetic coil 29 is sup- 
ported by the front wall of the front housing 1 1 to face the armature 28. 

20 [0032] When the coil 29 is excited while the engine Eg is running, an electromagnetic attraction force is generated 
between the armature 28 and the pulley 24. Accordingly, as shown in Fig. 1, the armature 28 contacts the pulley 24 
against the force of the hub 27, which engages the clutch 23. When the clutch 23 is engaged, power from the engine 
Eg is transmitted to the drive shaft 16 via the belt 26 and the clutch 23. When the coil 29 is de-excited in this state, the 
armature 28 is separated from the pulley 24 by the force of the hub 27 as shown in Fig. 6, which disengages the clutch 

25 23. When the clutch 23 is disengaged, transmission of power from the engine Eg to the drive shaft 16 is disconnected. 
[0033] As shown in Fig. 1, a rotor 30 is fixed to the drive shaft 16 in the crank chamber 15. A thrust bearing 48 is 
located between the rotor 30 and the inner wall of the front housing 1 1. A drive plate, which is a swash plate 31 in this 
embodiment, is supported on the drive shaft 1 6 to slide axially and to incline with respect to the axis L of the drive shaft 
16. A hinge mechanism 32 is located between the rotor 30 and the swash plate 31 . The swash plate 31 is coupled to 

30 the rotor 30 via the hinge mechanism 32. The hinge mechanism 32 rotates the swash plate 31 integrally with the rotor 
30. The hinge mechanism 32 also guides the swash plate 31 to slide along and incline with respect to the drive shaft 1 6. 
[0034] A coil spring 68 is fitted about the drive shaft 1 6 and is located between the rotor 30 and the swash plate 31 . 
The coil spring 68 urges the swash plate 31 in a direction disinclining the swash plate 31 . 

[0035] A limit ring 34 is attached to the drive shaft 16 between the swash plate 31 and the cylinder block 12. As 
35 shown by the broken line in Fig. 1, the inclination of the swash plate 31 is minimized when the swash plate 31 abuts 
against the limit ring 34. On the other hand, as shown by solid lines in Fig. 1, the inclination of the swash plate 31 is 
maximized when the swash plate 31 abuts against the rotor 30. 

[0036] As shown in Figs. 1 and 5, cylinder bores 33, the number of which is six in this embodiment, are formed in 
the cylinder block 12. The cylinder bores 33 are arranged at equal angular intervals about the axis L of the drive shaft 

ao 1 6. A single headed piston 35 is accommodated in each cylinder bore 33. Each piston 35 is coupled to the swash plate 
31 by a pair of shoes 36. The swash plate 31 converts rotation of the drive shaft 16 into reciprocation of the pistons 35. 
[0037] As shown in Figs. 1 and 2, a suction chamber 37, the pressure of which is a suction pressure Ps, is defined 
in the substantial center of the rear housing 13. A discharge chamber 38, the pressure of which is a discharge pressure 
Pd, is formed in the rear housing 13 and surrounds the suction chamber 37. The valve plate assembly 14 separates the 

as cylinder bores 33 from the suction chamber 37 and from the discharge chamber 38. The main plate 14a of the valve 
plate assembly 14 has suction ports 39 and discharge ports 40, which correspond to each cylinder bore 33. The first 
sub-plate 1 4b has the suction valve flaps 41 , each of which corresponds to one of the suction ports 39. The second sub- 
plate 14c has the discharge valve flaps 42, each of which corresponds to one of the discharge ports 40. The retainer 
plate 14d has retainers 43, which correspond to the discharge valve flaps 42. Each retainer 43 determines the maxi- 

50 mum opening size of the corresponding discharge valve flap 42. 

[0038] When each piston 35 moves from the top dead center position to the bottom dead center position, refrigerant 
gas in the suction chamber 37 flows into the corresponding cylinder bore 33 via the corresponding suction port 39 and 
suction valve flap 41 . When each piston 35 moves from the bottom dead center position to the top dead center position, 
refrigerant gas in the corresponding cylinder bore 33 is compressed to a predetermined pressure and is discharged to 

55 the discharge chamber 38 via the corresponding discharge port 40 and discharge valve flap 42. 

[0039] A supply passage 44 connects the discharge chamber 38 to the crank chamber 15. A bleeding passage 45 
connects the crank chamber 15 to the suction chamber 37. A displacement control valve 46 is located in the supply pas- 
sage 44. The control valve 46 adjusts the flow rate of refrigerant gas from the discharge chamber 38 to the crank cham- 
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ber 15 by varying the opening size of the supply passage 44. The pressure in the crank chamber 15 is varied in 
accordance with the relationship between the flow rate of refrigerant gas from the discharge chamber 38 to the crank 
chamber 15 and that from the crank chamber 15 to the suction chamber 37 through the bleeding passage 45. Accord- 
ingly, the difference between the pressure in the crank chamber 15 and the pressure in the cylinder bores 33 is varied. 
5 which changes the inclination of the swash plate 31 , or the stroke of each piston 35. This alters the stroke of each piston 
35 and the compressor displacement. 

[0040] The inclination of the swash plate 31 is determined according to various moments acting on the swash plate 
31 . The moments include a rotational moment, which is based on the centrifugal force of the rotating swash plate 31 , a 
spring force moment, which is based on the force of the spring 68, an inertia moment, which is based on inertia of each 

io piston 35, and a gas pressure moment, which is based on the net force applied to each piston 35. The sum of these 
moments will be hereafter referred to as the tilt moment. The rotational moment acts on the swash plate 31, for exam- 
ple, to decrease the inclination. The inertia moment acts on the swash plate 31 . for example, to increase the inclination. 
The gas pressure moment depends on the pressure in the cylinder bores 33 (bore pressure Pb), which acts on the pis- 
tons 35, and the pressure in the crank chamber 15 (crank chamber pressure Pc), which also acts on the pistons 35. 

is The gas pressure moment acts on the swash plate 31 to decrease or to increase the swash plate inclination. 

[0041] In the embodiment of Figs. 1 to 7(b), the gas pressure moment changes in accordance with the crank cham- 
ber pressure Pc, which is controlled by the displacement control valve 46. If the crank chamber pressure Pc is 
increased, the gas pressure moment influences the tilt moment such that the swash plate inclination is decreased. If 
the crank chamber pressure Pc is lowered, the change of the gas pressure moment is reversed. Therefore, tilt moment 

20 acting on the swash plate 31 is adjusted by controlling the crank chamber pressure Pc with the control valve 46. Accord- 
ingly, the swash plate 31 is moved to a desired inclination position between the minimum inclination position and the 
maximum inclination position. When the compressor is stopped and the pressures in the chambers of the compressor 
become substantially equalized, the swash plate 31 is retained at the minimum inclination position by the force of the 
spring 68 (or the spring force moment). 

25 [0042] The control valve 46 will now be described. As shown in Fig. 4, the control valve 46 includes a valve housing 
49 and the solenoid 50. The housing 49 and the solenoid 50 are secured to each other and define a valve chamber 51. 
The valve chamber 51 is defined in the substantial center of the control valve 46. A valve body 52 is accommodated in 
the valve chamber 51 . An opening of a valve hole 53 in the valve chamber 51 faces the valve body 52. The valve cham- 
ber 51 and the valve hole 53 form part of the supply passage 44. The valve chamber 51 is connected to the discharge 

30 chamber 38 through the upstream portion of the supply passage 44. The valve hole 53 is connected to the crank cham- 
ber 15 through the downstream portion of the supply passage 44. An opening spring 54 is located in the valve chamber 
51 between the wall and the valve body 52 to urge the valve body 52 in a direction opening the valve hole 53. 
[0043] A pressure sensing mechanism is located above the valve chamber 51 . The pressure sensing mechanism 
moves the valve body 52 in accordance with the suction pressure Ps. A pressure sensing chamber 55 is located above 

35 the vafve chamber 51 . The pressure sensing chamber 55 is connected to the suction chamber 37 by a pressure intro- 
duction passage 47 formed in the rear housing 13. A pressure sensing member, which is a bellows 56 in this embodi- 
ment, is accommodated in the pressure sensing chamber 55. The upper end of the bellows 56 is fixed to the upper wall 
of the pressure sensing chamber 55. A setting spring 57 is located in the bellows 56. The spring 57 determines the ini- 
tial length of the bellows 56. 

40 [0044] A guide hole 65 extends through the valve housing 49 to connect the pressure sensing chamber 55 to the 
valve chamber 51 though the valve hole 53. A pressure sensing rod 58 extends from the valve body 52 toward the bel- 
lows 56 to operably couple the bellows 56 with the valve body 52. The bellows 56 is formed integrally with the valve 
body 52. The distal end of the rod 58 is fixed to the coupler cylinder 56a located at the distal end of the bellows 56. A 
small diameter portion 58a is formed in the rod 58 at a portion located in the valve hole 53. The annular clearance 

45 between the small diameter portion 58a and the wall of the valve hole 53 forms a conduit for gas. 

[0045] The solenoid 50, or an electromagnetic actuator, will now be described. A plunger chamber 59 is defined 
below the valve chamber 51 . A fixed core 60 is located between the plunger chamber 59 and the valve chamber 51 . A 
plunger, which is a movable core 61 , is accommodated in the plunger chamber 59. A follower spring 62 is accommo- 
dated in the plunger chamber 59 to urge the movable core 61 toward the valve body 52. The force of the follower spring 

so 62 is weaker than the force of the opening spring 54. 

[0046] The guide hole 66 extends through the fixed core 60 to connect the valve chamber 51 to the plunger cham- 
ber 59. A solenoid rod 63 is formed integrally with the valve body 52 and extends through the guide hole 66. The force 
of the opening spring 54 and the force of the follower spring 62 cause the distal end of the solenoid rod 63 to contact 
the movable core 61. The valve body 52 and the movable core 61 are coupled to each other through the solenoid rod 

55 63. An electromagnetic coil 64 is located about the fixed core 60 and the movable core 61 . 

[0047] The suction chamber 37 is connected to the discharge chamber 38 by an external refrigerant circuit 71 . The 
external refrigerant circuit 71 includes a condenser 72, an expansion valve 73 and an evaporator 74. The external refrig- 
erant circuit 71 and the compressor define a cooling circuit of the vehicle air conditioner. 
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placement decreases, the cooling performance of the cooling circuit decreases, which raises the suction pressure. 
[00581 As shown in Figs. 1 and 2, a check valve 92 is located between the suction chamber 37 and the evaporator 
74 Specifically a suction passage 90 is formed in the rear housing 13 to connect the suction chamber 37 wrth the exter- 
nal refrigerant circuit 71. The evaporator 74 is connected to the suction passage 90 through a pipe 71a. which is part 

s of the circuit 71 . The suction passage 90 has an attachment hole 91 that opens to the suction chamber 37. The diam- 
eter of the attachment hole 91 is greater than that of the rest the passage 90. A pos.tion.ng step 91a is formed at the 
outer end of the attachment hole 91. ^ . 

[0059] The check valve 92 has a hollow cylindrical casing 96. The check valve 92 is press fitted in the attachment 
hole 91 such that an end of the casing 96 contacts the positioning step 91a. The casing 96 has a valve hole 93a that 

io communicates with the suction passage 90. The casing 96 also includes a valve seat 93 formed about the inner end of 
the valve hole 93a. A valve body 94 is housed in the casing 96 to face the valve seat 93. A closing spring 95 is housed 
in the casing 96 to urge the valve body 94 toward the valve seat 93. 

[0060] Pari of the casing 96 is exposed in the suction chamber 37. Openings 96a are formed in the exposed por- 
tion The openings 96a communicate the valve hole 93a with the suction chamber 37 through the interior of the. casing 

,s 96 A hole 96b is formed in the casing 96 at the opposite side of the valve body 94 from the valve hole 93a. The hole 
96b connects the interior of the casing 96 with the suction chamber 37 to permit the suction pressure Ps to act on the 
valve body 94 as a back pressure. , , „ 

[0061] The valve body 94 is exposed to the pressure at the outlet of the evaporator 74 through the valve hole 93a 
and is exposed to the pressure in the suction chamber 37 through the hole 96b. Based on the difference of the pres- 

20 sures. the valve body 94 opens or closes the valve hole 93a. When the pressure at the evaporator outlet is htgher than 
the pressure in the suction chamber, the valve body 94 is separated from the valve seat 93 as shown in Fig. 2 to open 
the vatve hole 93a. When the compressor is operating, refrigerant gas is drawn into the cylinder bores 33 from the suc- 
tion chamber 37 and is drawn into the suction chamber 37 from the evaporator 74. Therefore, the valve body 94 opens 
the valve hole 93a to permit gas to flow from the evaporator 74 to the suction chamber 37. When the pressure at the 

25 evaporator outlet is equal to or lower than the pressure in the suction chamber 37, the valve body 94 contacts the valve 
seat 93 as shown in Fig. 3 to close the valve hole 93a. Thus, the check valve 92 permits gas to flow from the evaporator 
74 to the suction chamber 37 while prohibiting gas flow from the suction chamber 37 to the evaporator 74. 
[0062] The characteristic operations of the embodiment shown in Figs. 1 to 7(b) will now be described. 
[0063] When the air conditioner switch 80 is turned off while the compressor is operating or when the compartment 

ao temperature is lower than the target temperature, the controller C stops supplying cunent to the coil 29 thereby disen- 
gaging the clutch 23. The compressor is stopped accordingly. At the same time, the controller C stops supplying current 
to the coil 64 of the control valve 46. When the engine Eg is stopped while the compressor is operating, the power sup- 
ply wire from the power source S to the coils 29, 64 is disconnected upstream of the controller C. Accordingly, the clutch 
23 is disengaged and the compressor is stopped. 

35 [0064] When the current to the coil 64 is discontinued as the compressor is stopped, the attraction force between 
the fixed core 60 and the movable core 61 is eliminated. Accordingly, the control valve 46 fully opens the supply pas- 
sage 44 with the opening spring 54. and the inclination of the swash plate 31 is minimized. When the compressor is 
started again, the displacement of the compressor is minimized, which minimizes the torque. The shock caused by 
starting the compressor is thus reduced. 

40 [0065] If the control valve 46 fully opens the supply passage 44 when the compressor is operating at the maximum 
displacement, in other words, if the control valve 46 fully opens the supply passage 44 after the supply passage 44 is 
fully closed, highly pressurized gas in the discharge chamber 38 is quickly supplied to the crank chamber 15. The cranK 
chamber pressure Pc is therefore suddenly increased. 

[0066] The lower graph of in Fig. 7(a) shows changes of the crank chamber pressure Pc. the suction pressure Pc 
45 and the bore pressure Pb over time after the compressor is stopped. As shown in the graph, when the compressor .s 
stopped after operating at the maximum displacement, fully opening the control valve 46 suddenly increases the crank 
chamber pressure Pc, which is substantially equal to the suction pressure Ps before the compressor is stopped. 
[0067] When the compressor is stopped, the refrigerant circulation between the compressor and the refrigerant cir- 
cuit 71 is stopped. Refrigerant gas is therefore not supplied to the suction chamber 37 from the evaporator 74. Highly 
so pressurized refrigerant gas in the crank chamber 1 5 flows to the suction chamber 37 through the bleed.ng passage 45. 
Therefore the pressure Ps of the suction chamber 37 increases beyond the pressure at the outlet of the evaporator 74. 
The check valve 92 thus closes the suction passage 90 and prevents refrigerant gas from reversely flowing from the 
suction chamber 37 to the evaporator 74. In this state, the pressure Ps in the suction chamber 37 is quickly increased 
by refrigerant gas from the crank chamber 15. The check valve 92 functions as a pressure accelerator or an accelera- 
55 tion means for accelerating an increase of the pressure Ps in the suction chamber 37. 

[0068] The pressure Pb in the cylinder bores 33 is never lower than the pressure Ps in the suction chamber 37. 
Refrigerant gas in the cylinder bores 33 leaks to the suction chamber 37 through the suction valve flap 41. However, 
since the pressure Ps in the suction chamber 37 is relatively high, the pressure Pb in the cylinder bores 33 is relatively 
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high. 

[0069] The bore pressure Pb in the lower graph of in Fig. 7(a) represents the average value of the pressures in the 
cylinder bores 33. As shown in the graph, the bore pressure Pb increases after the compressor is stopped. This is 
because some of the pistons 35 move toward the valve plate assembly 14 as the inclination of the swash plate 31 

5 decreases and the refrigerant gas in the cylinder bores 33 is compressed. 

[0070] In this manner, although the crank chamber pressure Pc is increased when the compressor is stopped, the 
bore pressure Pb is relatively high. The crank chamber pressure Pc acts to decreases the inclination of the swash plate 
31 while the bore pressure Pb acts to increase the inclination of the swash plate 31. Therefore, even if the control valve 
46 suddenly and fully opens the supply passage 44, the tilt moment that decreases the swash plate inclination does not 

w become excessive. 

[0071 ] The suction pressure zone ranges from the outlet of the evaporator 74 to the suction chamber 37. The pres- 
sure sensing chamber 55 of the displacement control valve 46 is connected to the suction chamber 37, which is located 
downstream off the check valve 92. Thus, if the pressure in the suction chamber 37 increases when the check valve 92 
is closed, the pressure in the pressure sensing chamber 55 also increases. As the pressure in the pressure sensing 

is chamber 55 is increased, the bellows 56 contracts and moves the valve body 52 to decrease the opening size of the 
valve hole 53. This decreases the flow rate of refrigerant gas supplied from the discharge chamber 38 to the crank 
chamber 15. Accordingly, a sudden increase of the crank chamber pressure Pc is eased in progress. In other words, 
the increase of the crank chamber pressure Pc is limited after a predetermined time period has elapsed from when the 
compressor is stopped. This effectively reduces the force that urges the pistons 35 rearward. 

20 [0072] As a result, when moving from the maximum inclination position to the minimum inclination position, the 
swash plate 31 neither strongly presses the limit ring 34 nor strongly pulls the hinge mechanism 32 and the rotor 30. 
Therefore, the drive shaft 16 is not moved rearward against the force of the support spring 20 (see the upper graph of 
in Fig. 7(a)). 

[0073] Since the drive shaft 16 is prevented from being axially displaced, the drawbacks described in the Back- 
us ground section, that is, displacement of the drive shaft 16 relative to the lip seal 22, contact between the armature 28 
and the pulley 24 when the clutch 23 is disengaged, and collision of the pistons 35 against the valve plate assembly 1 4. 
are all resolved. 

[0074] The graphs of Fig. 7(b) show the characteristics of a compressor of a comparison example. The compressor 
is the same as the compressor of Fig. 1 except that the comparison example compressor does not have the check valve 

30 92. When the compressor of the example is stopped, gas flow from the suction chamber 37 to the evaporator 74 is per- 
mitted even if gas is supplied from the crank chamber 15 to the suction chamber 37. The pressure Ps in the suction 
chamber 37 is therefore increased only slightly. The pressure Pb in the cylinder bores 33 is lowered to the lower pres- 
sure Ps of the suction chamber 37. Since the pressure Ps in the suction chamber 37 is not significantly increased, the 
bellows 56 does not contract and the valve body 52 remains at a position fully opening the valve hole 53. Thus, the 

35 crank chamber pressure Pc continues to increase. As a result, the force that urges the pistons 35 rearward becomes 
excessive, which moves the drive shaft 16 rearward. 

[0075] The compressor Fig. 1 has the control valve 46, which controls the flow rate of highly pressurized gas sup- 
plied to the crank chamber 15. Compared to a compressor that controls the amount of refrigerant gas released from the 
crank chamber 15, the compressor of Fig. 1 quickly changes the pressure in the crank chamber 15, which permits the 

40 inclination of the swash plate 31 , that is, the compressor displacement, to be quickly changed. However, from a different 
viewpoint, compared to a compressor that controls the amount of refrigerant gas discharged from the crank chamber 
15. the compressor of Fig. 1 tends to increase the pressure in the crank chamber 15 to an excessive level. Thus, it is 
advantageous to provide the check valve 92 in the compressor having the control valve 46. which controls the amount 
of highly pressurized gas supplied to the crank chamber 15. 

45 [0076] The check valve 92 may be located in the pipe 71a between the evaporator 74 and the suction passage 90 
without departing from the concept of the present invention. However, this requires a change of the structure of the con- 
ventional pipe 71a. Since the check valve 92 is located in the compressor rear housing 13, a conventional pipe 71a is 
used without changing its structure. 

[0077] The check valve 92 stops the flow of refrigerant at a position near the suction chamber 37. If the check valve 
so 92 is located at the outlet of the evaporator 74, which is away from the suction chamber 37, refrigerant gas from the 
crank chamber 15 will increase the pressure in a relatively large space that includes suction chamber 37 and the pipe 
91a. In the embodiment of Figs. 1 to 7(a). refrigerant gas from the crank chamber 15 increases the pressure in a rela- 
tively small space that only includes the suction chamber 37, which permits the pressure in the suction chamber 37 to 
be quickly increased. As a result, the force that decreases the inclination of the swash plate 31 is limited. 
55 [0078] The check valve 92 is a unit, which has all the members in the casing 96. Therefore, the check valve 92 is 
previously formed as a unit and is then press fitted into the hole 91 of the rear housing 13. The check valve 92 is thus 
easily installed in the compressor. 

[0079] The structure of the control valve 46 may be changed such that the attractive force generated between the 
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fixed core 60 and the movable core 61 moves the valve body 52 in a direction increasing the opening size of the valve 
hole 53 Such a change to the control valve 46 does not deviate from the concept of the present invention. If this change 
is made the power supply wire between the coi! 64 and the power source S must be also modified. Specifically, the 
power supply wire must not be disconnected upstream of the controller C. Such a modification to the power supply wire 
requires a major change to the electric system of a conventional vehicle. 

[0080] However, in the control valve 46, the attractive force between the fixed core 60 and the movable core 61 
urges the valve body 52 in a direction decreasing the opening size of the valve hole 53. Thus, when the engine Eg is 
stopped, disconnecting the power supply wire between the coil 64 and the power source S upstream of the controller C 
causes the valve hole 53 to open, which minimizes the compressor displacement. In other words, the compressor dis- 
placement is minimized when the engine Eg is stopped without changing the electric system of a conventional vehicle. 
[0081] Fig. 8 illustrates a second embodiment of the present invention. In this embodiment, a flap valve (reed valve) 
98 is used. One end of the flap valve 98 is fixed to the wall of the suction chamber 37 by a bolt 98a. The flap valve 98 
opens and closes the outlet of the suction passage 90 in accordance with the pressure difference between the suction 
chamber 37 and the evaporator 74. The flap valve 98, which is a check valve, is smaller and simpler than the check 
75 valve 92 of Fig. 2. 

[0082] A third embodiment of the present invention will now be described with reference to Figs. 9 to 1 1 . The third 
embodiment relates to an improvement of the control valve 46. The differences from the embodiment of Figs. 1 to 7(a) 
will mainly be discussed below, and like or the same reference numerals are given to those components that are like or 
the same as the corresponding components of the embodiment of Figs 1 to 7(a). 

20 [0083] As shown in Fig. 9, the diameters of the valve body 52 and the solenoid rod 63 are the same such that the 
valve body 52 and the solenoid rod 63 form a single shaft. Unlike the control valve 46 of Fig. 4, the control valve 46 of 
Fig. 9 does not have the opening spring 54 in the valve chamber 51 . Also, unlike the control valve 46 of Fig. 4, the valve 
chamber 51 is connected to the crank chamber 15 through the downstream portion of the supply passage 44, and the 
valve hole 53 is connected to the discharge chamber 38 through the upstream portion of the supply passage 44. 

25 [0084] The distal end of the pressure sensing rod 58 is loosely fitted in but is not fixed to the coupler cylinder 56a 
of the bellows 56. The cross-sectional area S2 of the rod 58. except for the small diameter portion 58a. is equal to the 
cross-sectional area of the valve hole 53. 

[0085] The solenoid rod 63 extends through and is fixed to the movable core 61 . A space is defined between the 
surface of the solenoid rod 63 and the surface of the guide hole 66 to connect the valve chamber 51 with the plunger 
30 chamber 59. A through hole 61a is formed in the movable core 61. The through hole 61a connects two spaces in the 
plunger chamber 59 that are separated by the movable core 61. Thus, like the valve chamber 51. the entire plunger 
chamber 59 is exposed to the crank chamber pressure Pc. 

[0086] Fig. 1 0(a) is a graph showing the characteristics of the control valve 46 shown in Fig. 9. The attraction force 
between the fixed core 60 and the movable core 61 is decreased when the level of the current to the coil 64 of the con- 
as trol valve 46 is decreased. Thus, the target suction pressure increases when the input current deer eases. If there is little 
difference between the compartment temperature and the target temperature during operation of the compressor, the 
current supply to the coil 64 is stopped and the target suction pressure is set to a maximum value Pmax. In this state, 
the follower spring 62 urges the movable core 61 toward the bellows 56. Therefore, the pressure sensing rod 58 is con- 
stantly pressed against the bellows 56. The distal end of the pressure sensing rod 58 is moved integrally with the cou- 
40 pier cylinder 56a. Therefore, the bellows 56 moves the valve body 52 in accordance with the pressure in the pressure 
sensing chamber 55 such that the suction pressure Ps seeks the target suction pressure, which is the maximum value 
Pmax. 

[0087] In this manner, the control valve 46 of Fig. 9 operates in accordance with the pressure in the pressure sens- 
ing chamber 55 for any value of current supplied to the coil 64. In other words, the control valve 46 of Fig. 9 causes the 
45 suction pressure Ps to seek a target value for any value of the current supplied to the coil 64. This means that the target 
suction pressure is determined for the entire range of the value of the current supplied to the coil 64. Even if the current 
to the coil 64 is stopped, the target suction pressure is determined. 

[0088] When the compressor is stopped, current to the coil 64 is also stopped. Since the compressor is not oper- 
ating, the suction pressure Ps does not seek the maximum value Pmax. However, the control valve 46 operates in the 

so same manner as when the target suction pressure is the maximum value Pmax. That is. as in the embodiment of Figs. 
1 to 7(a). if the pressure in the suction chamber 37 is increased beyond the maximum value Pmax due to closure of the 
check valve 92 after the compressor is stopped, the bellows 56 contracts and causes the valve body 52 to move in the 
direction that decreases the opening size of the valve hole 53. Thus, the flow rate of refrigerant gas from the discharge 
chamber 38 to the crank chamber 15 is decreased, which limits a sudden increase of the crank chamber pressure Pc 

55 when the compressor is stopped. As a result, the force that urges the pistons 35 rearward is effectively reduced. 

[0089] The control valve 46 of Fig. 4 has substantially the same characteristics as shown in the graphs of Fig. 1 0(a) 
and thus operates in substantially the same manner as the control valve 46 of Fig. 9. However, since the control valve 
46 of Fig. 4 has the opening spring 54. the force of which is stronger than the force of the follower spring 62. the valve 



10 



JDOCID: <EP 1 039129 A2_l_> 



EP1 039129 A2 

body 52 is urged away from the bellows 56 by the opening spring 54 when current to the coil 64 is stopped. Therefore, 
the cfista! end of the pressure sensing rod 58 must be fixed to the coupier cylinder 56a of the bellows 56 to constantly 
transmit the movement of the bellows 56 to the valve body 52. The upper end of the bellows 56 also must be fixed to 
the upper wall of the pressure sensing chamber 55. This structure complicates the assembly of the control valve 46. 

5 [0090] In the control valve 46 of Fig. 9, the follower spring 62 continues to press the pressure sensing rod 58 
against the bellows 56 and the upper end of the bellows 56 against the upper wall of the pressure sensing chamber 55 
even if current is not supplied to the coil 64. Thus, the distal end of the pressure sensing rod 58 need not be fixed to the 
coupler cylinder 56a of the bellows 56. Also, the upper end of the bellows 56 need not be fixed to the upper wall of the 
pressure sensing chamber 55, which facilitates the assembly of the control valve 46. 

10 [0091 ] As shown in Fig. 1 0(a), the target suction pressure is the minimum value Pmin when the level of current sup- 
plied to the coil 64 is a predetermined maximum value lb. The minimum target suction value Pmin in the control valve 
46 shown in Fig. 9 is determined based on the sum of the force of the follower spring 62 and the attraction force 
between the cores 60. 61 when the current value is the maximum value lb. In the control valve 46 of Fig. 4, the minimum 
target suction value Pmin is determined based on a value calculated by subtracting force of the opening spring 54 from 

75 the sum of the force of the follower spring 62 and the attraction force between the cores 60, 61 when the current value 
is the maximum value lb. Thus, the control valve 46 of Fig. 9 requires a weaker attraction force between the cores 60, 
61 to obtain the minimum value Pmin of the target suction pressure compared to the control valve 46 of Fig. 4. Accord- 
ingly, the control valve 46 of Fig. 9 needs a smaller coil 64 compared to the control valve 46 of Fig. 4, which reduces the 
consumption of electricity. 

20 [0092] The graph of Fig. 10(b) shows the characteristics of a control valve of a comparison example. The compar- 
ison example control valve is the same as the control valve of Fig. 4 except that the distal end of the pressure sensing 
rod 58 is loosely fitted in but not fixed to the coupler cylinder 56a of the bellows 56. In the example control valve, when 
the value of current supplied to the coil 64 is decreased below a predetermined value la, the opening spring 54 moves 
the valve body 52 to the fully open position against the sum of the force of the follower spring 62 and the attraction force 

25 between the cores 60, 61 . Therefore, the movement of the bellows 56. which corresponds to the pressure in the pres- 
sure sensing chamber 55. is not transmitted to the valve body 52. This means that if the current value is lower than the 
predetermined value la. the suction pressure cannot be controlled, that is, the target suction pressure cannot be deter- 
mined. Thus, as described above, the example control valve cannot reduce the force that urges the pistons 35 rearward 
after the compressor is stopped. 

30 [0093] Also, as shown in the graph of Fig. 10(b), the target suction value cannot be set if the current value is lower 
than the value la. Therefore, the maximum value Pmax of the target suction pressure must be determined in accord- 
ance with the current value la. The target suction pressure is thus varied between a narrow range that corresponds to 
the range between the upper limit value lb and the value la of the current. The ratio of the change of the target suction 
pressure to a change of the input current value must be set relatively great. The target pressure value thus cannot be 

35 finely adjusted. 

[0094] Contrary to the example control valve, the control valve 46 of Fig. 9 changes the target suction pressure in 
a wide range between zero and the upper limit value lb of the input current value. The ratio of a change of the target 
suction pressure to the change of the input current value can be set relatively small, which permits the target suction 
pressure to be finely controlled. The target suction pressure can be finely adjusted in accordance with subtle changes 
40 of required refrigerant performance of the cooling circuit. This advantage is also obtained by the control valve 46 of Fig. 
4. 

[0095] The equilibrium of forces acting on the valve body 52 in the control valve 46 of Fig. 9 is expressed by the 
following equation. 

45 f0-S1 • Ps+S2 - Ps-(S2-S5)Pd=S4 • Pc-(S3-S5)Pd+f1+F (1) 

in which: 

S1 is the effective pressure receiving area of the bellows 56; 
so S2 is the cross-sectional area of the pressure sensing rod 58; 

53 is the cross-sectional area of the valve hole 53; 

54 is the cross-sectional area of the solenoid rod 63; 

55 is the cross-sectional area of the small diameter portion 58a; 
F is the electromagnetic force between the cores 60. 61 ; 

55 f 0 is the force of the setting spring 57; 
f 1 is the force of the follower spring 62; 

Ps is the suction pressure (the pressure in the pressure sensing chamber 55); 

Pc is the crank chamber pressure (the pressure in the valve chamber 51 and the plunger chamber 59); and 
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Pd is the discharge pressure (the pressure in the valve hole 53). 

[0096J The cross-sectional area S2 of the pressure sensing rod 58 is equal to the cross-sectional area S3 of the 
valve hole 53. Therefore, if the cross-sectional area S3 is replaced by the cross-sectional area S3, the following equa- 
5 tion (2) is obtained. 

fO-S1 • Ps+S2 • Ps-(S2-S5)Pd=S4 • Pc-(S2-S5)Pd+f 1 + F (2) 
fO-S1 • Ps+S2 • Ps=S4 • Pc+f1+F 

w 

Ps=(fO-S4 • Pc-f1-F)/(S1-S2) 

[0097] As shown in the equation (2), the valve body 52 is not directly influenced by the discharge pressure Pd. 
Since the discharge pressure Pd is relatively high, the influence on the valve body 52 would be significant. However, 
15 the control valve 46 of Fig. 9 prevents the valve body 52 from being influenced by the high discharge pressure Pd, which 
permits the opening size of the valve hole 53 to be accurately and readily controlled. 

[0098] The pressure sensing rod 58 is supported by the guide hole 65. In other words, one end of the unit, which 
includes the pressure sensing rod 58, the valve body 52, the solenoid rod 63 and the movable core 61 , is supported by 
the inner wall of the guide hole 65. The movable core 61 , which is the other end of the unit, is supported by the inner 
20 wall of the plunger chamber 59. This structure stabilizes the axial movement of the unit 

[0099] It should be apparent to those skilled in the art that the present invention may be embodied in many other 
specific forms without departing from the spirit or scope of the invention. More particularly, the present invention may 
be modified as described below. 

[0100] In the embodiments of Figs. 1 to 1 1 , the pressure sensing mechanism, which includes the bellows 56, may 
25 be omitted from the displacement control valve 46. In this case, the objective of the present invention will be achieved 
by the check valves 92. 98. 

[0101] Instead of or in addition to the displacement control valve 46 located in the supply passage 44. a displace- 
ment control valve may be located in the bleeding passage 45. which connects the crank chamber 15 to the suction 
chamber 37. In this case, the bleeding passage 45 must not be fully closed. 
so [0102] In the control valve 46 of Fig. 9. the pressure sensing rod 58 and the valve body 52 may be separately 
formed and the rod 58 and the valve 52 may be connected to each other such that they slide axially with respect to each 
other. In this case, the control valve 46 operates in the same way as the control valve of Fig. 9 and has the same advan- 
tages. 

[01 03] Instead of the bellows 56, a diaphragm may be used as the pressure sensing member. 
35 [01 04] The present invention may be embodied in compressors other than the compressor of Fig. 1 . For example, 
the present invention may be embodied in a wobble plate type compressor, in a wobble plate type compressor, a rod 
extending from each piston is coupled to a wobble plate. When a drive shaft rotates, the wobble plate wobbles without 
being rotated. 

[0105] The present examples and embodiments are to be considered as illustrative and not restrictive and the 
40 invention is not to be limited to the details given herein, but may be modified within the scope and equivalence of the 
appended claims. 

[01 06] A variable displacement compressor compresses gas supplied from an evaporator (74) of an external refrig- 
erant circuit (71) and discharges the compressed gas to the refrigerant circuit (71). A check valve (92; 98) is located 
between the compressor suction chamber (37) and the evaporator (74). The check valve (92; 98) prevents gas flow 

45 from the suction chamber (37) to the evaporator (74). When the compressor is stopped, a displacement control valve 
(46) increases the pressure in a crank chamber (15) of the compressor to move a swash plate (31) to a minimum incli- 
nation position. The pressure in the suction chamber (37) is increased by gas supplied from the crank chamber (15) 
Closing the check valve (92; 98) accelerates a pressure increase in the suction chamber (37). When the pressure in the 
suction chamber (37) is increased, the control valve (46) limits a further pressure increase in the crank chamber (15). 

so As a result, the force that decreases the inclination of the swash plate (31) is limited. 

Claims 

1. A compressor for compressing gas supplied from an evaporator (74) of an external refrigerant circuit (71) and for 
55 discharging the compressed gas to the external refrigerant circuit (71), the compressor comprising: 

a housing (11, 12, 13); 

a cylinder bore (33) defined in the housing (11,12,13); 
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a crank chamber (15) defined in the housing (1 1 . 12, 1 3); 

a suction chamber (37) defined in the housing (11. 12. 13). the suction chamber (37) being connected to the 
outlet of the evaporator (74). wherein gas is constantly released from the crank chamber (15) to the suction 

chamber (37); . *u 

a piston (35) accommodated in the cylinder bore (33). wherein the piston (35) compresses gas drawn into the 
cylinder bore (33) from the suction chamber (37) and discharges the compressed gas from the cyl.nder bore 
(33); 

a drive shaft (16) supported by the housing (11. 12, 13); 

a drive plate (31) coupled to the piston (35) to convert rotation of the drive shaft (16) into rec.procat.on of the 
piston (35) wherein the drive plate (31) is supported by the drive shaft (16) to incline relative to the drrve shaft 
(16) and is moved between a maximum inclination position and a minimum inclination position in response to 
a tilt moment acting on the drive plate (31). wherein the tilt moment has components including a moment based 
on the pressure in the crank chamber (15) and a moment based on the pressure in the cylinder bore (33). and 
wherein the inclination of the drive plate (31) defines the stroke of the piston (35) and the displacement of the 
compressor; and K 
a control valve (46). wherein the control valve (46) controls the pressure in the crank chamber (15) to change 
the inclination of the drive plate (31), and wherein the control valve (46) is actuated based on an external com- 
mand, the compressor being characterized in that: 

a check valve (92- 98) is located between the suction chamber (37) and the evaporator (74), wherein the check 
valve (92; 98) is closed based on the pressure difference between the suction chamber (37) and the outlet of 
the evaporator (74) to prevent gas from flowing from the suction chamber (37) to the evaporator (74). 

The compressor according to claim 1 . wherein the check valve (92; 98) is located in the housing (11,12, 13). 

The compressor according to claim 1 . wherein the check valve (92) is a single unit having a plurality of preassem- 
bled. 

The compressor according to claim 1 . wherein the check valve (98) is a flap valve. 

The compressor according to claim 1 . wherein the pressure in the crank chamber (15) acts on the drive plate (31) 
to decrease the inclination of the drive plate (31). and wherein, when the compressor is stopped, the control valve 
(46) increases the pressure in the crank chamber (15) to move the drive plate (31) to the minimum inclination posi- 
tion. 

The compressor according to claim 5, wherein, when the compressor is not operating, the control valve (46) pre- 
vents the pressure in the crank chamber (1 5) from increasing in response to an increase of the pressure in the suc- 
tion chamber (37). 

The compressor according to claim 5. further comprising: 

a discharge chamber (38) defined in the housing (1 1 . 1 2. 13) to receive gas discharged from the cylinder bore 

a 2'pplypassage (44) connecting the crank chamber (15) with the discharge chamber (38). wherein the con- 
trol valve (46) is located in the supply passage (44) to regulate the amount of gas supplied from the discharge 
chamber (38) to the crank chamber (15). 

The compressor according to any one of claims 1 to 7. wherein the control valve (46) includes: 
a valv© body (52) ; 

a pressure sensing member (56), wherein the pressure sensing member (56) moves the valve body (52) in 
response to the pressure in the suction chamber (37); and 

an actuator (50) for actuating the valve body (52) in response to an external command. 

The compressor according to claim 8. wherein the pressure sensing member (56) moves the valve body (52) such 
that the pressure in the suction chamber (37) is maintained at a predetermined target value, and wherein the actu- 
ator (50) applies a force to the valve body (52). wherein the force corresponds to the level of a current supplied to 
the actuator (50). and the level of the current determines a target value of the pressure in the suction chamber (37). 
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10. The compressor according to claim 9, wherein the actuator (50) increases the target value as the level of the cur- 
rent is decreased and sets the target value to a maximum value when no current is supplied to the actuator (50). 

11. The compressor according to claim 9, wherein the level of the current supplied to the actuator (50) is varied in a 
5 range between zero to a predetermined maximum value, and wherein the pressure sensing member (56) moves 

the valve body (52) in response to the pressure in the suction chamber (37) throughout the range of the current. 

12. The compressor according to any one of claims 1 to 7. wherein the drive shaft (16) is coupled to an external drive 
source (Eg), and wherein a clutch (23) is located between the external drive source (Eg) and the drive shaft (16) to 

10 selectively transmit the power of the drive source (Eg) to the drive shaft (16). 

1 3. A displacement control valve (46) for adjusting the pressure in a crank chamber (1 5) of a compressor to change the 
displacement of the compressor, wherein the compressor includes a suction pressure zone (37), the pressure of 
which is a suction pressure, a discharge pressure zone (38), the pressure of which is a discharge pressure, and a 

15 supply passage (44) connecting the crank chamber ( 1 5) to the discharge pressure zone (38). the control valve (46) 
comprising: 

a valve body (52) to adjust the size of an opening in the supply passage (44); 

a pressure sensing member (56), wherein the pressure sensing member (56) moves the valve body (52) in 
20 response to the suction pressure to maintain the suction pressure at a predetermined target value; and 

an electromagnetic actuator (50) for applying a force to the valve body (52), wherein the force corresponds to 
the level of a current supplied to the actuator (50), and the level of the current determines a target value of the 
suction pressure, the control valve being characterized in that: 

the actuator (50) increases the target value as the level of the current decreases and sets the target value to a 
25 maximum value when no current is supplied to the actuator (50). 

14. The compressor according to claim 13, wherein the level of the current supplied to the electromagnetic actuator 
(50) is varied in a range between zero to a predetermined maximum value, and wherein the pressure sensing mem- 
ber (56) moves the valve body (52) in response to the suction pressure throughout the range of the current. 

30 

1 5. The control valve (46) according to one of claims 1 3 and 14, wherein the pressure sensing member (56) is arranged 
at an opposite side of the valve body (52) with respect to the electromagnetic actuator (50), the control valve (46) 
further comprising: 

35 a transmitter (58) for transmitting movement of the pressure sensing member (56) to the valve body (52), 

wherein the transmitter (58) couples the valve body (52) to the pressure sensing member (56) such that the 
valve body (52) can be moved away from the pressure sensing member (56); and 

a spring (62) for urging the valve body (52) toward the pressure sensing member (56). wherein, when no cur- 
rent is supplied to the actuator (50), the spring (62) causes the valve body (52) and a movable part of the pres- 
to sure sensing member (56) to move in unison. 

16. A method for controlling the displacement of a variable displacement compressor, wherein the compressor includes 
a drive plate (31) that is moved between a maximum inclination position and a minimum inclination position in 
accordance with the pressure in a crank chamber (15), the inclination of the drive plate (31) defining the displace- 

45 ment of the compressor, the method including: 

controlling the pressure in the crank chamber (15) to change the inclination of the drive plate (31) when the 
compressor is operating; and 

increasing the pressure in the crank chamber (1 5) to move the drive plate (31) to the minimum inclination posi- 
50 tion when the compressor is stopped, the method being characterized by: 

restricting an increase of the pressure in the crank chamber (15) when a predetermined time has elapsed after 
the compressor is stopped. 

17. The method according to claim 16. further including isolating a suction chamber (37) in the compressor from an 
55 external refrigerant circuit (71 ) to increase the pressure in the suction chamber (37) using gas from the crank cham- 
ber (15) when the compressor is stopped, wherein the step of increasing the pressure in the crank chamber (15) is 
executed in response to an increase of the pressure in the suction chamber (37). 
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